Internet of Things (IoT) has positioned itself at the front of rapid technological advancements in order to lessen human labor. The concept of making the world smart arises from the basis that "things" can be connected using the Internet. In this paper, the researchers will be describing an effective implementation of an intelligent monitoring system for manufacturing machine unit which is used in industry environment. The propose system design can be installed in manufacturing machines in order to solve management problems, maintenance, shortens the mean time to repair and predict mean time to fail. The researchers have designed a system based on internet of thing for monitoring using the fuzzy logic approach. It consists of monitoring the normal activities of the manufacturing machines in order to build a reference of its condition; then a real-time monitoring and analysis of gathered data from the sensors is accomplished. The status is carried out using a Fuzzy Logic based network. It will give the users the current activity of the manufacturing machine and will also provide information about health status. This system had been incorporated through internet using host, network, Ethernet module, embedded system gateway, sensors, microcontroller unit (MCU) and other components. This paper discusses how monitoring system can be implemented and how the use of cloud computing technology along with IoT devices can be used so that the data collected by these devices can be safely stored, monitored and analyzed.
INTRODUCTION
This thesis proposes the software design of manufacturing machine monitoring system using microcontroller. By using current sensor, a temperature sensor, and a smoke sensor, these stimulus signals are captured and transferred to a microcontroller evaluation board for further processing so that manufacturing machine status can be calculated and monitored.
Background of the Study
Internet of Things (IoT) involves connecting each device in homes, offices, cars, machines to the Internet. This eventually makes devices serves better. Internet of Things can be fused with other concepts such as Big Data, Cloud Computing, and Data Mining to enhance its use. Big Data is converting raw data into useful data, predicting how a particular device would behave in the future adds to the value of IoT. Storing large sets of data produced each moment by the numerous electronic devices in cloud servers prevents security breaches. Data can be easily stored and secured and greatly reduces, if not eliminates the risk of being lost or damaged. Combining two different technologies involves use of a middleware [1] . A common application programming interface (API) is required to connect the two technologies together. A common mode of communication is another issue that requires to be dealt with.
The rapid advancements in Internet technologies, a new implication in the age of ubiquity is being realized. A Massive increase in users of the Internet and alterations on the internet engaged technologies enables networking of everyday objects. "Internet of Things (IoT)" is all about the physical thing talking to each other, machine-to-machine communications and person-to-computer communications will be extended to "things". The Key technologies that will motivate the future IoT will be correlated to Smart sensor technologies including Wide Service Network (WSN), Nanotechnology and Miniaturization [2] .
In this work, the researchers focus the attention on the realization of a low cost manufacturing machine monitoring system to collect, analyze and classify data in order to monitor the status. The device is connected with a cloud system to make a further investigation on collected data as well as analyze them to better fit device parameters to the specific manufacturing machine. In this way there is a continuous parameters customization that adapts the device to the system. The proposed device is composed of a current sensor, a temperature sensor, a smoke sensor and a micro-controller based on the Arduino technology. Moreover, a low-power Ethernet module device is used to give the possibility to send data towards the cloud system. Received data are analyzed in real-time on-board, classified, clustered, and then sent to the cloud [3] .
In this work, the researchers used a sensor based approach to keep the device cost low without any significant loss of accuracy as shown in the works of Mayagoitia, Nene, and Veltink [4] . The data are not pre-processed for the real-time analysis but are aggregated before the transmission to the cloud storage.
Statement of the Problem
A monitoring system for manufacturing machines face four main challenges, mean time to repair is tedious, inflexibility, poor manageability, and difficulty to maintain. This study attempted to answer the following questions.
1. What is to be develop in the system to overcome the challenges of tedious mean time to repair, 32 inflexibility, poor manageability and maintenance difficulty encounter in manufacturing machines?
2. How to apply the fuzzy logic algorithm in developing a smart monitoring system that will monitor the manufacturing machines and give the status of the manufacturing machines to the involve personnel's?
General Objective
The main objectives of this research is to design and implement a Smart monitoring system using IoT that is capable of monitoring the manufacturing machines and stores data in the cloud database through an easy manageable web interface. The proposed system has a great flexibility by using Ethernet module technology to interconnect the Manufacturing machine to remote server. This will decrease the maintenance cost and will increase the efficiency of the system.
Specific Objectives
1. To develop a smart monitoring system that will integrate into the manufacturing machine an Ethernet module system that transmits an information to the cloud for monitoring so that the status will be monitored, it will be adapt to its current state and predicts it's time for maintenance.
2. To apply fuzzy logic algorithm in developing a firmware that is to be embedded to a microcontroller that will monitor the operations of the manufacturing machines. Also, a software should also be developed for the manufacturing equipment manufacturer to be informed of the status information of the machine that they manufacture.
Significance of the Study
As the IoT becomes more pervasive and expands into all business sectors a "smarter, interconnected" manufacturing machines exists that is dependent upon data. This data can be shared across the entire operation, even extending outside the given company. There is knowledge sharing board to board, machine to machine, business to business via the capture of real-time data. Many companies have already introduced and implemented forward-looking applications that capture this wealth of data, analyze it and provide a real time, continuous look into the effectiveness and efficiency of all manufacturing processes start to finish.
To improve the current capabilities of a manufacturing machine by incorporating a smart monitoring system for it to be able to have the ability of monitoring and analyzing the data of the current status that will help to decrease the maintenance cost provided by the suppliers and will increase the efficiency of the system.
Scope and Delimitation
This study aims for the development of a monitoring device incorporated in the manufacturing machines that will gather required data for predictive and adaptive maintenance.
The monitoring system consists of current sensor, temperature sensor, smoke sensor, Ethernet module and an embedded system. Sensors will measure the manufacturing machines status. Information about the system will be sent from the sensors to the microcontroller, which will be the one to send the data to the Internet, to be able to perform data analysis for predictive and adaptive maintenance.
In order to fulfil the deliverable, this research project is done guided by the following scope:
1. The Calculation of sensor input data and estimation of required physiological signals and the decision making module will be using fuzzy logic to indicate stress levels.
2. The system decision making module will be using fuzzy logic to indicate status of the manufacturing machines levels.
3. Design a readable output to show the category level in regards to the status of the manufacturing machine.
In order to fulfil the aim of the project, this research project is done guided by the following limitations:
1. This system will not ensure the complete safety and preservation of the manufacturing machines. The system will not be concerned about the decision made by the maintenance personnel's.
2. The system will not be concerned about the status of the surrounding environment where the manufacturing machine will be installed, but rather in the status of the manufacturing machine, as the data produced by the monitoring system will be dependent on the stimulus sensed by the sensors which are in installed within the manufacturing machine.
Manufacturing machines of ill health, are not of
concern for the design of this monitoring system. Also, this monitoring system is expected to function effectively on normal manufacturing testing run.
LITERATURE REVIEW
Maintaining the health of manufacturing machine tools and establishing stable machining processes is of major importance to reduce the risk of malfunctioning equipment and ensure that high quality parts are produced. This can be achieved by testing of critical manufacturing machine tool components and online measuring and analysis of one or more quantities from the machining process in order to adjust the process towards more stable machining regions.
This chapter includes the review of related literatures and studies that has parallel objectives to what this study entitled "The Use of Fuzzy Logic for Online Monitoring of Manufacturing Machine: An Intelligent System" has. It is to prove that the objectives of this study is achievable, and also, for the readers to compare other existing projects to what this study has developed.
Project Background
Technological advances in the areas of embedded systems, information and communication technologies are creating an infrastructure composed of a huge number of heterogeneous devices, which may interoperate with one another and the environment, generating the Internet of Things (IoT). IoT is realized in the intersection of three paradigms -internet oriented (middleware), things-oriented (devices) and semantic oriented (knowledge) [5] .
With the increased complexity and criticality of modern industrial systems, condition-based maintenance has gained considerable attention in recent years. Instead of traditional scheduled or breakdown maintenance, condition-based maintenance utilizes online condition indicators extracted 33 from available observations to detect, identify, and forecast the evolution in time of potentially detrimental fault conditions. Thus, the system condition can be assessed in real time, and maintenance practices can be scheduled to avoid malfunctions or even catastrophic failure. Condition-based maintenance contains six main components, namely, data collection, data processing, feature extraction, fault diagnosis, failure prognosis, and decision making [6] . Amongst them, prognosis is an important part that possesses the ability to predict accurately and precisely the future condition and remaining useful life of a failing component or subsystem.
Since prognosis projects the current condition of the fault indicator in the absence of future observations and necessarily entails large-grain uncertainty, it is considered widely as the Achilles' heel of condition-based maintenance. Recently, many efforts have been reported in the area of machinery prognosis [7] .
In general, most of the existing machine prognostic approaches can be divided into two principal categories: model based (or physics based) and data-driven methods [8] .
Model-based methods utilize mathematical models to predict the fault progression. Given a proper model for a specific system, model-based methods can provide accurate prediction estimates. However, it is usually difficult to develop accurate models in most practical instances, particularly when the process of fault propagation is complex and/or is not fully understood. Data-driven methods, on the other hand, employ the collected condition data to derive the fault propagation models. For instance, Tse et al. [7] proposed recurrent neural networks (RNNs) to forecast the machine deterioration via vibration signals; Wang and Vachtsevanos [6] developed dynamic wavelet neural networks in fault prognostics; Zhao et al. [9] used a neuro-fuzzy predictor to forecast the bearing fault trend, and the results show that its prediction accuracy is better than that of radial-basis-function neural network predictor. Similar applications using neuro-fuzzy predictors also can be found in the works of Samanta and Nataraj [10] and Tran, Yang and Tan [11] ; through combining fuzzy systems with different types of neural networks, Wang et al. [12] proposed a series of condition predictors that have been applied successfully in machine health prediction; Niu and Yang [13] used Dempster-Shafer regression method to perform time-series predictions. Since most data-driven methods, such as RNNs, neuro-fuzzy systems (NFSs), and recurrent NFSs (RNFSs), can be applied to a variety of systems, they have become a popular prediction tool in machinery prognosis.
Related Works
Machine monitoring system has been designed in previous works for various applications such as measuring the machine temperature, machines current and voltage induce, machines smoke emission, and so on. So, different methodologies and systems have been designed by researchers to cope for the different purposes of research.
For example, Caldo, Seranilla, Castillo, Diocales, Gulle, Nunez, and Parreno [14] proposed a design in developing a fuzzy logic algorithm with varying set points for fan speed control system using Arduino microcontroller. In this study, the proponents control the speed of the fan in meeting the Set Point. The temperature control system makes use of Matlab Fuzzy Logic Toolbox. The Sugeno style of fuzzy inference system and triangular membership functions were used in the control system. Moreover, the fuzzy logic algorithm was derived in C language and realized in Arduino IDE. Based on the simulation and data analysis of the proponents, it has been experimentally verified that Fuzzy Logic Algorithm can be implemented in Arduino Microcontroller. The temperature, output voltage and the speed of fan is directly proportional to each other. The results satisfied the classification of membership function of the fuzzy rules. It is properly and accurately working which satisfy the objectives of this study.
Abidin and Ibrahim [15] presented a web-based monitoring of an automated fertigation system. The monitoring system comprises a web-based system, an automatic fertigation system and a communication network. In this work, the web based monitoring system was designed to facilitate farmers managing small to medium scaled farms. In general, this system gets data from sensors located in the automated fertigation system and sends them to the database. The development of a web-based monitoring system has been successfully implemented in an automated fertigation system. The system is useful because it permits farmers to monitor and manage the farms by using mobile devices, at anywhere and anytime.
Lunardi, Amaral, Marczak, Hessel, and Voos [16] presented a decision support IoT framework. By analyzing others IoT middleware systems and frameworks the researchers found that they do not provide methods to allow automated decision making based on device data stream. The framework experimental results demonstrated that it is able to be used as a decision support system for streaming analytics towards scenarios with large numbers of devices, rules and facts. Further, it can reduces application processing overhead and networking exhaust.
Santamaria, Raimondo, Rango, and Serianni [17] made a study regarding a two stages fuzzy logic approach for Internet of Things. In this study the researchers made a device to monitor or diagnose disease in the medical field. They focus the attention on the realization of a low cost wearable device to collect, analyze and classify data in order to monitor user health status. The device is connected with a cloud system to make a further investigation on collected data as well as analyze them to better fit device parameters to the specific user. This mechanism is based on a two stage classifier that use fuzzy logic approach to perform activities recognition and anomalies detection. The achieved results show that after a bootstrap session where the device learns about user habits and its parameters can recognized the base activities making possible to warn user if something goes wrong about its related heart rate.
Dibowski, Vass, Holub, and Rojice [18] uses a Web Ontology Language (OWL), the characteristics, requirements and necessary configuration of the fault detection and diagnostics (FDD) algorithms are formally specified in a machine interpretable way. Also buildings and their building automation systems (BAS). The matching can take very specific FDD requirements and BAS characteristics into consideration. The aspects that have been described are rich and manifold, and still expandable by further ones. All this enables a very detailed analysis and precise, reliable decision whether FDD algorithms are applicable and how they need to be configured. Applicable FDD algorithms can be prioritized according to reliability and limitations, allowing for selecting the most appropriate and promising ones, whenever several alternatives exist.
Pendor and Tasgaonkar [19] presented a design and development of low cost and reliable Internet of things framework which consists of an array of RFID sensors for the real time tracking of the vehicle on its transit from one point 34 to other point of the high speed expressway. The resultant data can be viewed on the internet using cloud computing. Real-time velocity monitoring of the vehicle is important to avoid fatal accidents on the expressways. Alerts can be raised for the drivers at times when driver exceeds the limits. The aim of the study is technological advances in the areas of embedded systems, information and communication technologies are creating an infrastructure composed of a huge number of heterogeneous devices, which may interoperate with one another and their environment, generating the Internet of Things (IoT). Implementing IoT in realizing in the intersection of three paradigms -internet oriented (middleware), things-oriented (devices) and semantic oriented (knowledge) which will accomplish the integration of web based system monitoring & alert, cloud optimization and real-time analysis, automated decision making system and artificial intelligence capability, and manufacturing machine health status monitoring that will give solutions to the problems encountered by previous researchers [20] . Figure 1 illustrates the general flow and structure for the path of this study. The idea of having the Input-Process-Output system approach was used to describe the conceptual framework of the study conducted. Based from figure 1 , the inputs gathered through information from the specific contributors and software and hardware requirements were listed to make the design project possible.
Synthesis

Conceptual Framework
Then, a process shall take place. It shall analyze all the inputs provided using fuzzy logic algorithm and act accordingly. The output of the research process involves a prototype that can sense the smoke, current, and temperature level of the manufacturing machine, and a web application for web browser viewing making it available for PC viewing and for manufacturing industry personnel's to monitor and control the 35 information. A feedback provides a data which serves as a guide in making changes on the input or processing activities, thus modifying the outputs for data integrity and helps to have a better result for the enhancement of the research.
METHODOLOGY
This section discusses the methodology of the design and implementation of the manufacturing machine monitoring system. The manufacturing machine monitoring system consists of sensors, which are current sensor, a temperature sensor, and a smoke sensor. The analog signals from sensors are converted to digital signals and transfers for further processing. For the implementation, the platforms to be used is the Arduino board. The system detection system with Arduino board is portable and the output is supported by cloud computing for real-time analysis and online alert system. Arduino board is used to study the feasibility of hardware accelerated fuzzy. 
Proposed Remote Monitoring System for Intelligent Manufacturing Machine System
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The architecture of a proposed monitoring system of manufacturing machines is as shown in the figure 2 and 3. In proposed system, Host network and embedded system gateway forms a core of IoT system. In host network the researchers used an Ethernet shield with modem to connect the manufacturing machines to the Internet. In embedded system gateway the researchers used Arduino Microcontroller module which is used to interconnect the manufacturing machines to the internet. Initially the Embedded system gateway initiates the connection of Ethernet shield. When the connection is established embedded system gateway will start receiving the parameters manufacturing machines. The data from the manufacturing machines is collected in the embedded system data gathering which the researcher will also use Arduino Microcontroller then to Fuzzy Logic Algorithm for Data Processing and then to the embedded system gateway and transferred to Ethernet shield. The Ethernet shield will host the received data in authorized IP address of website via internet. The data that being monitored in the manufacturing machines are sent to the web server and stored in the cloud. The data can be analyzed anywhere any time. The authorized person can monitor all the parameters through the internet via web server. Figure 4 shows how different types of users interact with the system to solve the problem manufacturing machine maintenance and improve the system. As such, it describes the goals of the users, the interactions between the users and the system, and the required behavior of the system in satisfying these goals. 
Software Design
The Fuzzy Logic (FL) challenges and changes the concept of binary logic (only two states): in the real world everything is a matter of measure, not only white or black, but also shades (Zadeh). Unlike the binary logic, to allow a greater relationship with the natural language, the fuzzy sets do not provide "hard" values. The Membership Degree (MD) of an object referred to a fuzzy set can assume any value in the range [0, 1], unlike a traditional set, which is restricted to the values 0 and 1 (false and true): in FL, the MD is to be intended as indicating "how much" a property is true. Through some input output relationships it is possible to approximate any function or system to describe or control. One of the most usual inference method is the Mamdani approach [21] , divided into four main steps: input fuzzyfication, inference rule evaluation, aggregation and defuzzyfication
Figure 5 -The Use of Fuzzy Logic for Online Monitoring of Manufacturing Machine Psuedo Code
In this work the researchers use a fuzzy logic schema to infer info about status of the manufacturing machine that's being monitored [22] . Main Flow is shown in figure 5 . During the first stage of the main loop device starts to gather data from sensors exploiting the connections. These data are sampled, filtered, aggregated and partially analyzed on board. After the device checks connection with the smartphone and if everything is ok it prepares data and send it remotely.
Once the data is collected at cloud, this data would be called as raw data. The researcher need to apply the fuzzy logic algorithm to convert this raw data into suitable format and notify the user. For example, in this case the sensor will measure the amount of smoke, the temperature that been emitted in the machines, and the electricity consumption and transfer it in amperes and volts for measuring the current and voltage respectively, this are the stimulus that the researchers are measuring. At server the program need to convert the data coming from the stimulus into smoke emission, temperature generation, and power consumptions.
Implementation Setup
The system start and been initialize, when the Analog to Digital Converter (ADC) data is ready is starts read ADC values followed by fuzzy logic algorithm. When the data received from manufacturing machines the connection between Ethernet shield and embedded system gate way are initialized. After initializing Ethernet shield now the embedded system gateway collects the data from the manufacturing machines and stored in temporary buffers. In embedded system gateway the researchers used Arduino UNO R3 software is written using the Arduino IDE using C++. When all the parameter received from the manufacturing machines, then embedded system gateway starts to process the data using fuzzy logic algorithm and transmit the data to an Ethernet shield module serially. Now the Ethernet shield will host the data in remote server in specified time interval. Thus the Ethernet shield has hosted all the parameter in the webpage via internet. Then the stored data in the database are processed and manipulated with help of Cayenne website. Finally the parameters are displayed in a user end webpage. Figure 6 illustrates the operation of the IoT system for manufacturing machine monitoring system 
RESULTS
The objectives of the experiments in this chapter are to test the prototype of its functionalities and to observe whether the prototype has achieved its objectives. Cayenne platform is been used for data graphical presentation [23] . After the successful connection to the server, the data from the manufacturing machines are sent to the web server for alerts and monitoring of parameters. The figure 7 and 8 shows the front end design of webpage which will allow the users to monitor the status and parameters of the manufacturing machines. By entering the assigned Internet Protocol (IP) address in the web browser, this web server page will appear as seen on figure 7 . The web server displays all the category which represents the current stare of the manufacturing machines.
Then parameter received in the webpage is stored in the cloud. The stored data can be analyzed at anytime and anywhere. The figure 7 shows the status of manufacturing machine along with the time. It also provides information about the time of the trip indication occurred. All this information is stored in the cloud which can be checked by the user any time.
The plot shown in the figure 9 gives the analysis of manufacturing machine being monitored. By seeing the plot the researchers can come to know the maximum unit generated by the manufacturing machine. The researchers can also know that the temperature, smoke, voltage and current being monitored was above, below, or within the threshold level base on the category seen on figure 8, if was above or below then at what time. 
DISCUSSION
In the proposed system, the researchers used an embedded system gateway for interfacing manufacturing machines with host network. With the help of embedded system gateways, the data from the solar manufacturing machine is transmitted to a remote server via the internet and hosted in a web page using Ethernet Shield and a modem. In webpage with the help of server side scripting the researchers hosted the data in cloud database and analyze the data of solar manufacturing machines to determine whether the system in the remote location is working properly. The webpage will shows the instant status of the manufacturing machines and stores all the parameters in data logger. With the help of data logger monthly report of the solar manufacturing machine is generated and that can be analyzed by an authorized person from anywhere at any time.
CONCLUSION AND FUTRURE WORK 6.1 Conclusion
This paper suggests how Internet of things can be used to develop an intelligent manufacturing machine system. The fusion of cloud computing and IoT significantly increases the benefit of the technology. The paper also explains the working of sensors that's been used to monitor the stimulus in the manufacturing machine. Data Mining technology can also be fused with the above two technologies to further strengthen benefits as this will help the user to analyze the condition of various parameters in the manufacturing machine to perform a preventive and adaptive maintenance.
Future work
Using this system as framework, the system can be expanded to include various other options which could include wireless sensor networks for monitoring environmental condition of the remote place were the manufacturing machine and controlling it from remote server.
